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MEASUREMENTS OF THE THERMAL CONDUCTIVITY OF THE
SKIN AS AN INDICATION OF SKIN BLOOD FLOW*
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AND H. E. DE RIJKE-HERwEIJERt
Although many methods for measuring skin
blood flow have been advocated in physiologi-
cal literature, few have found favor in the
clinic. In many departments skin and muscle
flow of the extremities are still estimated by
skin temperature and oseillometry, which have
their obvious defects as they are only indirectly
related to the blood flow. In the past few years
we have measured skin blood flow according to
the heated thermocouple principle, using a.
modification (1) of a surface applicator origin-
ally described by Hensel and Bender (2) and
Hensel (3).
I. METHOD
The modified applicator, consisting of plexi-
glass, has in its centre a heated golden disc
surrounded by an unheated golden ring (Fig.
1). Between the disc and the ring four clipper-
constantan thermocouples are fixed in series
(Fig. 2). The applicator is connected to a re-
corder on which the thermocouple signal (170
itv/° C) is registered, which is proportional to
the temperature difference (AT) between the
constantly heated disc and the ring of the
applicator. With the applicator it is possible to
measure the thermal conductivity of a given
substance, also skin tissue, by measuring AT,
as
ic J2
in which A is the thermal conductivity (meas-
ured in: cal/cm. sec.° C) of the substance, I
the heating current, while It and a are con-
stants, depending on the thermal properties of
the material and the geometry of the surface
applicator.
a. Calibration
In order to calculate the unknown thermal
conductivity (A) of a substance it is necessary
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to know the values of the constants k and a.
These can be obtained by putting the applica-
tor on a substance of known conductivity and
measuring tile temperature difference (AT)
caused by a heating current of known value
I. By repeating the procedure on another sub-
stance of known thermal conductivity it is
possible to calculate the values Ic and a of the
applicator. We used a direct current of 230 ma
wInch gives rise to a temperature elevation un-
der the heated plate between 2.5 and 3° C
(depending on the thermal conductivity of the
substance). For our surface applicators we
found values for a and Ic of about 10 cal/cm.
sec.° C and 0.1 cal/cm. sec. A° respectively.
b. Variability of Measurements
The i.mcertainties in the establishment of the
heating current and the reading of the recorder
lead to an uncertainty in the value A of 0.02 x
10 cal/cm. sec.° C. It was found that the
variability in the heat conductivity values
found on compact homogeneous substances was
not larger.
From 10 normal subjects, successive A values
were obtained, with a mean time of an hour,
from a skin area of the forearm th which the
blood flow was stopped by means of a high-
pressure cuff. The variability of the measure-
ments appeared to be no larger than the a
priori error of 0.002 x 10 cal/cm. sec.° C.
This satisfying result is obtained only when the
applieator is carefully glued to the skin by
means of a mastixacetone solution.
c. Depth-Sensitivity Relation
The depth at which variations of thermal
conductivity are measured was found for our
applicator by the method indicated by Golen-
hofen et al. (4) after suggestions of Burton
and Edholrn (5). Therefore, thermal conduc-
tivity measurements were carried out on ebonite
and lead glass, both covered with pertinax
plates of various thicknesses. The choice of
the materials ebonite, lead glass and pertinax is
determined by their thermal conductivity val-
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Fiu. 1. Surface applicator
Fic. 2. Schematic drawing of the applicator.
D = heated disc, W = heating-wire, R wheated
ring, T0 = thermocouple.
ues which correspond with fat, living muscle
and bloodless human skin, respectively. The
values measured for the various thicknesses of
the pertinax plates are given in Figure 3.
In Figure 4 the fraction of the total A-change
A(%) is plotted against the corresponding
thickness of tile pertinax plate. Here
Ad(%) = Ad lead glass — Ad ebonite 100%
Alead glass — Aebonite
where Ad lead glass and Ad ebonite represent
the A-values as measured with a pertinax plate
of thickness d between surface applicator and
lead glass, ebonite respectively.
It appears that, with a pertinax plate thick-
ness of 1.5 mm the influence of the underly-
ing substance is 10%, and with a plate thick-
ness of 2.1 mm only 5%.
d. Relation Between the Thermal
Conductivity and the
Flow
As tile relation between changes in the
thermal conductivity (A) and the blood flow
was still problematic, a model experiment was
performed. Through a perspex box (7 X 9 X 5
cm in diameter) filled with foam plastic, a water
FIG. 3. The measured A4 values for the various
thicknesses of the pertinax plates covering lead
glass or ebonite.
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FIG. 4. The relation between the measured frac-
tion of A-change and pertinax thickness.
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Fic. 5. The relation between changes in thermal conductivity and water flow for different
pertinax thicknesses.
flow is passed at various rates. One side of the
box is an interchangeable cover equipped with
a pertinax "window" of a thickness of 2.0; 1.0;
0.8; 0.5 and 0.3 mm. The surface element is
applied to the window. In Figure 5 the results
are given of a number of experiments on per-
tinax plates of various thickness at a water
flow varying from 0 until 2.5 ml/sec.
From the fact that the curves become more
linear as the pertinax plate gets thinner it may
be assumed that at values resembling those of
the thickness of the lower leg epidermis 0.04—
0.08 mm (6) there will be a linear relation be-
tween flow and zXA up to a value for AA of
0.3 x 10 cal/cm. sec.° C. This value is never
attained in the skin, even at a maximum de-
gree of vasodilatation.
e. Response Time
With the model mentioned above the delay in
the response of the instrument could also be
measured. It appeared that at physiological
0,5 1,0 1,5 20 2,5(mi/see)
Fic. 6. The registrations of the thermocouple signal from the surface
on the left and the right lower leg of a normal person.
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flow rates 90% of the change of the thermal
conductivity was measured in 30—120 seconds.
This 90%—time was not directly dependent on
the thickness of the pertinax plates but on the
magnitude of thermal conductivity alteratioit
II. MEASUREMENTS ON NORMAL SUBJECTS
AND PATIENTS
Measurements on normal subjects and pa-
tients were performed in a room with a con-
stant environmental temperature of 25° C after
an acclimatization period of half an hour. The
surface applicator was glued to the skin of the
lateral side of the lower legs at one third of the
distance between malleolus lateralis and capitu-
lum fibulac. Pneumatic cuffs were put around
the thighs.
After the heating current is switched on, the
recorder registers continuously the thermocou-
ple signal. After a short ithtial period the blood
flow in the skin is stopped for five minutes by
inflating the pneumatic cuff at a pressure above
the systolic blood pressure. This occlusion of
the blood flow results in a rise of the tempera-
ture difference (aT). When the occlusion is
removed reactive hyperaemia occurs and the
value for T becomes smaller as before the
occlusion; after some time the initial value for
T is reached again. Then a nicotine-acid-ester
ointment is applied to the skin. After an aver-
age time of 8 minutes the skin becomes red and
warmer and a continuous decrease in tempera-
ture difference sets in during an average time of
22 nñnutes. Then again total occlusion is per-
formed (Fig. 6).
From each point of the curve an effective A
value can be calculated from the value of T.
In particular are indicated: A, being the
thermal conductivity calculated from T
shortly before occlusion; A0, the thermal con-
ductivity of the skin in which the blood flow is
stopped and A,. , the thermal conductivity ob-
AXr Ah hr
TABLE I
Means (2) and standard deviates (si)
Left leg Before ointment
ho AX, AXr AX &'r
After ointment
Nf
Nm
Nof
Nom
RU
Ucv
AU
EF
0.930
0.929
0.928
0.927
0.938
0.930
0.920
0.932
0.081
0.059
0.065
0.051
0.055
0.062
0.037
0.057
x
0.040
0.041
0.027
0.019
0.001
0.026
0.000
0.004
0.014
0.015
0.016
0.003
0.003
0.015
0.000
0.006
x
0.068
0.066
0.052
0.037
0.004
0.044
0.001
0.030
0.016
0.017
0.029
0.018
0.002
0.023
0.001
0.027
x
0.145
0.137
0.093
0.086
0.002
0.097
0.006
0.041
0.037
0.040
0.038
0.033
0.002
0.034
0.002
0.038
x
0.162
0.158
0.097
0.094
0.006
0.105
0.002
0.078
Right leg
0.032
0.050
0.034
0.032
0.002
0.033
0.002
0.047
Before ointment
x sx x
After ointment
x
Nf
Nm
No!'
Worn
RU
UCY
AU
EF
sx x
0.934
0.932
0.932
0.934
0.931
0.926
0.923
0.932
sx x
0.064
0.063
0.075
0.054
0.041
0.069
0.050
0.057
0.035
0.042
0.026
0.021
0.004
0.027
0.001
0.006
sx
0.016
0.018
0.022
0.012
0.002
0.021
0.001
0.007
0.067
0.065
0.047
0.044
0 004
0.047
0.003
0.027
0.028
0.025
0.031
0.018
0.002
0.024
0.002
0.020
0.151
0.140
0.087
0.088
0.003
0.098
0.004
0.042
x expressed in: 10 cal/cm. see.° C.
0.050
0.051
0.043
0.043
0.001
0.027
0.002
0.044
0.162
0.164
0.091
0.098
0.008
0.109
0.007
0.082
0.048
0.061
0.038
0.047
0.010
0.031
0.002
0.054
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tamed from the value for T during the reac-
tive hyperaeniia.
As established in our model experiment the
difference between A. and A0 (A..) is a linear
measure for the blood flow in the skin before
occlusion; the higher zA , the larger is the
blood flow. The difference between A. and A0
(A?) is a measure for the blood flow during
the reactive hyperaemia. It appears that the
values for A0 during the first occlusion are
the same as during the occlusion after the ap-
plication of the ointment.
RESULTS
From every normal person and patient the
values A, A0 aid A, were calculated from the
curve both of the left and of the right leg, be-
fore and after application of the ointment.
results are given in Table 1.
CONCLUSIONS
The means and standard deviations of the
diverse values of the curves were statistically
evaluated and compared for the various groups
of subjects. From these statistical calculations
we may conclude that:
1. The skin flow in the lower leg decreases in
older people.
2. Patients with hypertensive ulcers show
hardly any reaction to occlusion or appli-
cation of ointment and no reactive hyper-
aernia alter total occlusion (Fig. 7). Their
skin blood flow appears to be very small.
3. Patients with erythrocyanosis crurum
puellarum show only a minor reaction at
occlusion or no reaction at all; they do
show, however, reactions after occlusion
(reactive hyperaemia) and after applica-
tion of the ointment which are highly
divergent. This indicates a spasm of the
smaller arterioles of the skin in contrast
Fio. 7. The registrations obtained from the lower legs of a patient with a hypertensive
ulcer.
Subjects on whom experiments were per-
formed:
13 normal females
13 males
10 older females
10 older males
9 females with hypertension ulcers
20 males and females with ulcus cruris venosum
7 males and females with arteriosclerotic ulcers
20 young females with erythrocyanosis crurum puellarum
19—31 years of
18—33 "
56—73 "
56—68
52—76
29—71
62—84
18—38
age Nf
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to the organic alterations of the arterioles
of the patients with hypertension ulcers.
4. In patients with arteriosclerotic ulcers, the
skin blood flow is very low, not only in the
leg with the ulcer but also in the other
leg. The pattern of the curve is the same
as that of the curve of patients with
hypertension ulcers.
1. Iii patients without clinical signs of arte-
riosclerosis, but suffering from ulcera cru-
rig due to venous insufficiency, normal
values were obtained, invalidating the
suggestion (7) that arterial insufficiency
also always plays a role.
SUMMARY
Experiences with the heated thermocouple
principle for measuring blood flow using a
surface applicator are described. In the first
part of the paper some characteristics of the
method are pointed out. The second part gives
the results of measurements on healthy sub-
jects and on several categories of patients.
It appears that in older people the blood
flow of the skin at the measuring place is
lower than in younger people. It also appears
that in patients with a hypertensive ulcer or
an arteriosclerotic ulcer the skin blood flow
shows a marked decrease. In patients with an
erythrocyanosis crururn puellarurn the blood
flow is lower than normal. The difference be-
tween the experimental results from patients
with a erythrocyanosis crurum puellaruni and
from patients with a hypertensive ulcer seems
to be explained by the knowledge that the de-
creased blood flow of the former group is
caused by a spasm of the smaller arteries of
the skin, whereas in the latter group the de-
crease is caused by obliteration of the lumen of
the smaller skin arteries. The investigation of
patients with an ulcer resulting from chronic
venous insufficiency does not support the theory
that in the development of this ulcer an in-
sufficient arterial circulation of the skin plays
an etiological role.
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